P. capillosus by being positive for dextrin, maltotriose, turanose, DL-lactic acid and D-lactic acid methyl ester but negative for D-fructose. In reduced Wilkins-Chalgren-Anaerobe broth, strain SRB-521-5-I
T produced approximately 8 mM butyrate and 4 mM acetate. In contrast to F. plautii, the strain did not metabolize flavonoids. It showed intermediate resistance towards the antibiotics ciprofloxacin, colistin and tetracycline. Based on genotypic and phenotypic characteristics, we propose the name Intestinimonas butyriciproducens gen. nov., sp. nov. to accommodate strain SRB-521-5-I T (5DSM 26588 T 5CCUG 63529 T ) as the type strain.
The mammalian gut harbours a remarkable density and variety of bacterial species (Qin et al., 2010) . These bacteria contribute to functions of importance for the mammalian host, e.g. the maturation of immune responses (Hörmannsperger et al., 2012) , the regulation of energy homeostasis (Bäckhed et al., 2004) , and the conversion of host-derived substrates such as mucin, bile acids and steroids (Bokkenheuser et al., 1977; Derrien et al., 2004; Ridlon et al., 2006) as well as dietary compounds such as indigestible carbohydrates and polyphenols (Clavel et al., 2006a; Roberfroid, 2007) . Among important food components converted by gut bacteria, polyphenols have drawn much attention because of their possible beneficial health effects (Manach et al., 2005) . To date, several gut bacteria able to convert polyphenols such as lignans (e.g. secoisolariciresinol), isoflavones (e.g. daidzein), flavonols (e.g. quercetin) and prenylflavonoids (e.g. xanthohumol) have been studied (Schneider et al., 1999; Clavel et al., 2006b Clavel et al., , 2009 Hanske et al., 2010) . One of these polyphenolconverting bacteria, Flavonifractor plautii, is well known for its ability to metabolize the flavonoids quercetin, apigenin and luteolin (Schoefer et al., 2003) . F. plautii is a butyrateproducing, strictly anaerobic bacterium originally described as [Clostridium orbiscindens] (Winter et al., 1991) . The species was reclassified as F. plautii after Carlier et al. (2010) (Tissier 1908) . The present work deals with the description of a novel mouse intestinal bacterium related to F. plautii and P. capillosus.
A caecal sample was collected from one 17-week-old female heterozygous TNF deltaARE C57BL/6 mouse (Kontoyiannis et al., 1999) fed a standard experimental diet (cat. no. S5745-E7020; ssniff GmbH). Animal use was approved by the local institution in charge (animal welfare authorization 32-568, Freising District Office). Mouse dissection, bacterial isolation and cultivation procedures were as described previously (Clavel et al., 2010; Pfeiffer et al., 2012) . Strictly anaerobic techniques were used (unless otherwise stated, the gas atmosphere was N 2 /H 2 , 90 : 10 for isolation in a Whitley H85 workstation and 100 % N 2 for subculturing in Hungate tubes). The selective agar medium used for isolation, based on the formulation by Postgate for the isolation of sulphatereducing bacteria (Postgate 1963) , contained (per litre): 11.3 g M9 minimal salts (M6030; Sigma-Aldrich), 1.5 g Na 2 SO 4 , 500 mg FeSO 4 . 7H 2 O, 100 mg yeast extract, 100 mg CaCl 2 , 100 mg MgSO 4 . 4H 2 O, 50 mg PdCl 2 , 2.5 mg phenosafranin and 5 ml autoclaved rumen fluid which had been stored at 4 u C for 6 months. After autoclaving (121 u C, 15 min), the medium was allowed to cool in a water bath (55 u C). Filter-sterilized cysteine, DTT and DL-lactic acid sodium salt solution (A1831; Applichem) were added to a final concentration of 0.05 % (w/v), 0.02 % (w/v) and 1 % (v/v), respectively. Bacteria from 10-fold serial dilutions of the caecal content were allowed to grow for 18 days. The purity of isolates was ensured by streaking twice onto selective agar plates. Purity was examined by observing cell morphology after Gram-staining and colony morphology. WilkinsChalgren-Anaerobe (WCA) broth (Oxoid) supplemented with 0.05 % (w/v) cysteine and 0.02 % DTT was used for subculturing. The genomic DNA of isolates was extracted and 16S rRNA gene sequences were analysed using primers 27F and 1492R as described previously (Pfeiffer et al., 2012) . Primers 338F (59-ACTCCTACGGGAGGCAGC), 609F (59-GGATTAGATACCCBDGTA), 907F (59-AAACTYAAAKGA-ATTGACGG) and 907R were also used for sequencing isolates of interest. The search-based approach DECIPHER was used to test for the presence of chimeras (Wright et al., 2012) .
Analysis using the BLAST program (Altschul et al., 1990) revealed that one of the isolated strains (SRB-521-5-I T ) was related only distantly to any known recognized species. Unambiguous alignment of partial 16S rRNA gene sequences (1475 bp) showed that the sequence of strain SRB-521-5-I T was: (i) 100 % similar to cloned sequences from pig (GenBank accession no. AF371948) (Leser et al., 2002) and human intestine (nos. HQ785725, HQ783112, HQ770450 and FJ366757) (Turnbaugh et al., 2009; Li et al., 2012) ; (ii) 100 % similar to two hitherto unclassified cultured strains isolated from the human gut (nos. JX101685 and JX273469) as well as one mucin-degrading and butyrate-producing bacterium from swine intestine (no. JX629258) (Levine et al., 2013) ; and (iii) ¡94.5 % similar to P. capillosus CCUG 15402 T and F. plautii DSM 4000 T . A phylogenetic tree based on the neighbour-joining method showed that strain SRB-521-5-I T and the three as yet unclassified strains mentioned in (ii) above formed one cluster separated from the genera Pseudoflavonifractor and Flavonifractor (Fig. 1 ). This grouping was confirmed using the maximum-likelihood method ( T and related species based on partial 16S rRNA gene sequencing. Accession numbers of the 16S rRNA gene sequences (1436 bp) used to reconstruct the tree are indicated in parentheses. Sequences were aligned using Greengenes and the tree was reconstructed using the neighbour-joining method (Saitou & Nei 1987) in MEGA5 (Tamura et al., 2011) . Bar, 2 nt changes per 100 nt.
of strain SRB-521-5-I T with a similarity .95 %. A majority of these sequences originated from intestinal samples in various species (human, mouse, chicken, zebra, cow, etc.) , suggesting that this bacterial group within Clostridium cluster IV has been repeatedly found in gut ecosystems. However, local BLAST analysis against 85 949 chimerachecked and quality-filtered partial 16S rRNA gene sequences (V1-V3 region) from the caecum of conventional mice (Werner et al., 2011) revealed that only eight sequences matched that of strain SRB-521-5-I T at a similarity .95 %. This indicates that these bacteria are subdominant in the mouse gut, although their numbers probably depend on environmental factors such as diet and hygiene standards. Genotypic analysis of strain SRB-521-5-I T also included determination of the DNA G+C content by HPLC at the German Collection of Microorganisms and Cell Culture (DSMZ). The isolate had a DNA G+C content of 58.4 mol%, which is in the range of those of its most closely related species (F. plautii, 58-61.6 mol%; P. capillosus, 60 mol%).
Strain SRB-521-5-I T was analysed further using chemotaxonomic methods. Cell biomass was produced by cultivation at 37 u C in reduced WCA broth. Incubation time was 24 h (in 300 ml) for cellular fatty acid (CFA) analysis and 72 h (in 1.5 litres) for polar lipid and quinone analysis. Cells were pelleted by centrifugation (5500 g, 10 min), washed once in filter-sterilized PBS, and stored at 280 u C prior to freezedrying overnight and shipment at room temperature. Samples were measured by the Identification Service of the DSMZ. Details on the experimental procedures are available online (www.dsmz.de/services/services-microorganisms/ identification). The CFA pattern of strain SRB-521-5-I T is shown in Table 1 . As in F. plautii and P. capillosus, major fatty acids were saturated (.90 % of the total fatty acids) and included C 14 : 0 methyl ester, C 14 : 0 dimethyl acetal and C 16 : 0 dimethyl acetal. However, the new isolate showed a markedly lower proportion of C 16 : 0 aldehyde, C 16 : 0 methyl ester and C 16 : 0 dimethyl acetal, as well as a higher proportion of C 12 : 0 methyl ester, C 18 : 0 aldehyde and C 18 : 0 dimethyl acetal compared with the two other species (Table 1) . Concerning polar lipids, strain SRB-521-5-I T was characterized by the presence of diphosphatidylglycerol, eight glycolipids, six phosphoglycolipids, six phospholipids and three unidentified lipids (Fig. S2) . No respiratory quinones were detected in cells of strain SRB-521-5-I T .
Classical phenotypic characterization, e.g. growth features, motility, enzyme tests and spore formation, was performed as described previously (Clavel et al., 2007 (Clavel et al., , 2009 ). Based on microscopic observation after Gram-staining, the isolate stained Gram-negative. The KOH test was positive (formation of mucoid string), which also indicates that cells of strain SRB-521-5-I T are Gram-negative. However, a Gram-negative-type cell-wall structure was not clearly visible in electron micrographs (Fig. 2) . The cells seem to be characterized by the presence of an exocellular slime layer that possibly hampers proper staining. For transmission electron microscopy, cells of strain SRB-521-5-I
T were grown for 48 h in Reinforced Clostridial Medium (Difco) and fixed with 2.5 % (w/v) glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) at 4 uC. After rinsing with cacodylate buffer (0.1 M), post-fixation was done in 1 % (w/v) OsO 4 and 1 % (w/v) potassium ferricyanide for 1 h at room temperature. Cells were embedded in 5 % (w/v) gelatin that was then solidified at 0 u C. After dehydration in a graded ethanol series, cells were infiltrated with modified Spurr resin mixture (Serva) and sectioned on an ultramicrotome (Ultracut S; Reichert). Micrographs were taken with a JEOL JEM 1011 transmission electron microscope. In contrast to P. capillosus, strain SRB-521-5-I T and F. plautii were able to grow in reduced WCA broth after heat treatment (60 uC/20 min and 80 uC/ 10 min under aerobic conditions; tested in three independent experiments). Using light microscopy, small terminal and subterminal endospores were detected after 7 days of growth (Fig. S3) . In addition, the isolate was tested for the presence of the sporulation gene spo0A by PCR, as described by Brill & Wiegel (1997) . In contrast to F. plautii and P. capillosus, the spo0A gene was not amplified from genomic DNA of strain SRB-521-5-I T (Fig.  S4) . The production of short chain fatty acids was determined in batch culture supernatants by means of GC (Pfeiffer et al., 2012) . Cells were grown in reduced WCA broth with a gas phase of N 2 /CO 2 (80 : 20). After 48 h, strain SRB-521-5-I T produced 3.6 mM acetate and 8.1 mM butyrate (two experiments). Minor amounts of lactate, isovalerate and valerate were also detected (,0.5 mM). In contrast, P. capillosus produced acetate (3.0 mM) but no butyrate (,0.1 mM). F. plautii produced 3.6 mM acetate and 7.1 mM butyrate. Biolog enzyme profiles (determined in duplicate for each strain) were obtained as per the manufacturer's instructions. Fresh 24 h cultures in reduced WCA broth were used as inoculum. Cells were collected by centrifugation (5000 g, 5 min) under anaerobic conditions. After addition of Biolog-AN inoculating fluid (OD 600 of about 0.3) and inoculation under aerobic conditions, the plates were incubated at 37 u C for 24 h in a jar containing an Anaerogen sachet (Oxoid). Reactions were read visually and by measuring the OD at 590 nm. Substrates in wells characterized by a visible violet stain and an OD 590 of .0.05 after background subtraction (negative water control) were considered positive. The results for strain SRB-521-5-I T are given in the species description. Comparative enzyme patterns are shown in Fig.  S5 . Discriminative features are listed in Table 2 .
The susceptibility of the isolate towards 11 antimicrobial substances was tested using Etest strips (Bio-Stat Diagnostics), according to CLSI standard M11-A8 (http:// www.clsi.org/). Briefly, a sterile swab was dipped into the inoculum suspension (fresh culture in reduced WCA broth) and the excess liquid was removed by turning the swab against the inside of the tube. The surface of reduced WCA agar plates was spread evenly with the swab. Plates were allowed to air-dry for 10-15 min and, using sterile forceps, Etest strips were applied to the inoculated agar surface. Two Etest strips were used per plate (with antimicrobial gradients in opposing directions) and bacteria were left to grow. The MIC values were read directly from the strips after 48 h of incubation in a Don Whitley miniMACS anaerobic workstation (N 2 /H 2 /CO 2 80 : 10 : 10). The range of concentrations tested was 0.016-256 mg ml 21 for all antibiotics except acin, 22.667±4.341; clindamycin, 0.022±0.005; colistin, 30.667±4.341; erythromycin, 0.099±0.015; metronidazole, ,0.016; oxacillin, 0.750±0.091; teicoplanin, 0.029±0.007; tetracycline, 6.167±0.910; tobramycin, 1.417±0.369; vancomycin, 0.482±0.059 . Thus, the cationic cyclic polypeptide colistin, which interacts with the cytoplasmic membrane of Gram-negative bacteria, failed to inhibit the growth of strain SRB-521-5-I T at concentrations ,30 mg ml
21
. Ciprofloxacin, a broad-spectrum quinolone antibiotic that inhibits bacterial cell division, also showed a relatively high MIC. The broadspectrum antibiotic tetracycline, which inhibits protein synthesis by binding to the 30S subunit of ribosomes, showed an intermediate resistance profile according to the CLSI standard M100-S22 (,4 mg ml 21 , sensitive; 8 mg ml
, intermediate). Similarly to its closest phylogenetically related species (Carlier et al., 2010) , strain SRB-521-5-I
T was susceptible to the glycopeptide teicoplanin. However, the isolate appeared to be more sensitive to the glycopeptide vancomycin than F. plautii and P. capillosus (0.5 versus 4-8 mg ml 21 ), which is common for most Gram-positive bacteria.
Finally, because F. plautii is known as a flavonoidconverting bacterium (Schoefer et al., 2003; Carlier et al., 2010) , we tested the ability of strain SRB-521-5-I T to metabolize 16 flavonoid compounds (apigenin, apigenin-7-glucoside, daidzein, eriodictyol, genistein, luteolin, luteolin-3-, 5-and 7-glucoside, naringenin, naringenin-7-neohesperiosid, phloretin, phloridzin, quercetin, rutin and taxifolin) by means of batch culture fermentation followed by liquid chromatography analysis, as described previously (Schoefer et al., 2003) . In contrast to F. plautii, the new isolate was not able to convert any of the flavonoids tested. Template chromatograms showing the conversion of eriodictyol and luteolin by F. plautii compared with strain SRB-521-5-I T are provided in Fig. S6 .
Based on the aforementioned genotypic and phenotypic traits, we propose that strain SRB-521-5-I T represents a novel species of a new bacterial genus, for which the name Intestinimonas butyriciproducens gen. nov., sp. nov. is proposed. Transmission electron microscopy did not show a typical Gram-negative structure of the cell wall in cells of strain SRB-521-5-I T . Taken together with the ability to form spores and the sensitivity towards vancomycin, the strain appears to be Gram-positive, although cells stain Gramnegative. Features that help distinguishing strain SRB-521-5-I T from related species are summarized in Table 2 .
Description of Intestinimonas gen. nov.
Intestinimonas [In.tes.ti.ni.mo9nas. L. n. intestinum gut, intestine; L. fem. n. monas a monad, unit; N.L. fem. n. Intestinimonas a unit (bacterium) isolated from the intestine].
Phylogenetically related to members of the genera Flavonifractor and Pseudoflavonifractor within the order Clostridiales, phylum Firmicutes. Gram-positive, strictly anaerobic, grow well at 25-45 u C and form terminal or subterminal endospores. Motility is not observed. Major fermentation products in WCA broth are butyrate and acetate. CFAs are mostly saturated (91.9 %), including C 14 : 0 methyl ester and C 18 : 0 dimethyl acetal as the two major fatty acids. Respiratory quinones are not detected. The type species is Intestinimonas butyriciproducens.
Description of Intestinimonas butyriciproducens gen. nov., sp. nov.
Intestinimonas butyriciproducens (bu.ty.ri.ci.pro.du9cens. N.L. n. acidum butyricum butyric acid; L. part. adj. producens producing; N.L. part. adj. butyriciproducens producing butyric acid).
Has the following characteristics in addition to those given for the genus. After 48 h of growth on reduced WCA agar, colonies are pinpoint to 1 mm in diameter, circular, entire, opaque, white, shiny and convex. Cells are straight fusiform rods (0.562-5 mm) that may be elongated and curved after 7 days of growth at 45 u C. They occur mostly singly or sometimes in pairs. Positive for N-acetyl-D-glucosamine, dextrin, D-galactose, a-D-glucose, glucose 6-phosphate, maltotriose, 3-methyl D-glucose, D-sorbitol, turanose, b-hydroxybutyric acid, DL-lactic acid, D-lactic acid methyl ester, pyruvic acid, pyruvic acid methyl ester, L-serine, Lthreonine, 29-deoxyadenosine, inosine, thymidine, uridine, thymidine 59-monophosphate and uridine 59-monophosphate. Negative for all other substrates in the Biolog AN plate. Does not metabolize flavonoids. Contains diphosphatidylglycerol, eight glycolipids, six phosphoglycolipids, six phospholipids and three unidentified lipids. Shows intermediate resistance towards the antibiotics ciprofloxacin, colistin and tetracycline.
The type strain, SRB-521-5-I T (5DSM 26588 T 5CCUG 63529 T ), was isolated from the caecal content of a 17-week-old female heterozygous TNF deltaARE C57BL/6 mouse. The DNA G+C content of the type strain is 58.4 mol%.
